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Background: Carotid endarterectomy (CEA) might improve cognitive functioning, but studies thus far have produced
mixed results. The aim of the present study was to examine the effect of CEA on cognitive functions in a methodologically
more strict design, first by testing the presumption of preoperative cognitive impairment and second through a better
control for the possible influence of the nonspecific effects of practice and surgery.
Methods: Preoperative performance on a neuropsychologic test battery of 56 patients with severe occlusive disease of the
carotid artery but without history of major stroke was compared with the performance of 46 healthy control subjects and
23 patients before endarterectomy of the superficial femoral artery (remote endarterectomy). The degree of cognitive
change in the 2 patient groups was compared at 3 and 12 months postoperatively. We assessed mood to control for
possible momentary affective influences on cognition.
Results: Before CEA, patients showed reduced functioning compared with that seen in healthy control subjects in terms
of attention, verbal and visual memory, planning of motor behavior, psychomotor skills, and executive function.
Performance of patients before remote endarterectomy was reduced as well. Improvements in several cognitive functions
were observed after both types of surgical interventions and were attributed to psychologic relief from uncomplicated
surgery and to practice.
Conclusions:No specific restorative effect of CEA on cognitive functioning was observed. The preoperative impairment in
several cognitive domains might be caused by factors that patients with various types of vascular disease might have in
common, such as small-vessel disease or other undetected abnormalities within the brain. (J Vasc Surg 2005;41:775-81.)Carotid endarterectomy (CEA) has become a routine
surgical procedure for the prevention of stroke in patients
with atherosclerotic disease in the carotid arteries.1-3 Neu-
ropsychologists have frequently considered the possible
beneficial function of CEA on cognition.4,5 They propose
recovery from repeated embolic episodes and restoration of
adequate blood flow to the brain as underlyingmechanisms
for cognitive improvement.6,7 However, 2 essential meth-
odological issues have often been ignored in research on
this topic. One is that the existence of cognitive deficits
before the intervention should be ascertained first to assess
the room for improvement after the procedure. This can be
established by comparing the preoperative cognitive func-
tions of patients to the performance of healthy subjects. A
second demand is the correction of cognitive changes for
positive effects from practice caused by repeated testing and
perhaps from psychologic relief after (uncomplicated) sur-
gery, as well as controlling for the possible negative influ-
ences of surgery and anesthesia on cognitive outcome.
Therefore the current study also included vascular patients
undergoing peripheral vascular surgery (of their legs) as a
control group to overcome these nonspecific effects.
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doi:10.1016/j.jvs.2004.12.057An additional complicating factor in previous research
concerns the inclusion of patients with a history of (major)
stroke. Improvement after CEA in these patients might be
attributed to recovery from the neurological lesion,8-10
whereas an explanation for a failure to find improvement
can be the existence of permanent neurological dam-
age.8,11,12 Because of problems in the interpretation of the
results in this subgroup and the risk of influencing the
overall cognitive outcome, exclusion of these patients in
neuropsychologic assessment seems to be the best option
to reliably assess the unique contribution of restored blood
flow to the brain.
The present prospective study was aimed at examining
the possible improvement in cognitive functioning caused
by CEA, taking into account the potentially confounding
factors as summarized. We also considered the possible
effect of (changes in) mood on test performance. We
expected that patients with carotid artery disease (before
CEA) would have worse cognitive functioning than healthy
subjects and that patients after CEA improve more than
patients after remote endarterectomy (REA).
METHODS
Sixty patients with severe stenosis (70% as assessed
with duplex ultrasonography) of one or both carotid arter-
ies were recruited between September 2000 and December
2002 from patients on a waiting list for CEA in the St
Antonius Hospital in Nieuwegein, The Netherlands. Pa-
tients were only included if they had no history of major
stroke. A surgical control group (without a history of
stroke) was composed of 23 patients with symptomatic
femoropopliteal occlusive disease who were going to have
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single groin incision with the so-called ring-strip cutter
device.13 This REA is highly comparable with CEA with
respect to duration, anesthesia, and expected recovery time.
Similarities also exist in the medical background of the
patients. A healthy control group consisted of 46 subjects
without any evidence of cerebrovascular or neurological
disease or a psychiatric history. They were recruited by an
advertisement in a local newspaper and received a small
financial reward for their participation. The ethics commit-
tee of the hospital approved the study protocol, and written
informed consent was obtained from all subjects.
Patients were examined in the hospital 1 day before
surgery and 3 months and 1 year postoperatively, and
healthy control subjects were examined only once in the
department laboratory. At the start of the first assessment,
subjects were asked about their level of education, tobacco
and alcohol use, and psychiatric and medical history. The
medical questions concerned, among others, previous
myocardial infarction or coronary artery surgery and the
presence of other vascular risk factors, such as hypertension,
hypercholesterolemia, and diabetes mellitus. Additional
medical information of patients was obtained from the
medical records. Educational level was categorized accord-
ing to the 7-point ranking system of Verhage.14 This sys-
tem reflects the educational system in The Netherlands and
has the advantage that it also takes uncompleted education
into account. A subject was classified as a smoker if he was
a current cigarette smoker or quit cigarette smoking in the
year before the first assessment. Subjects subsequently filled
out the Edinburgh Handedness Inventory15 and the Dutch
shortened Profile of Mood States.16 The Profile of Mood
States consists of 32 items covering 5 different mood
dimensions: anger, tension, depression, vigor, and fatigue.
A neuropsychologic battery of about 1 hour was ad-
ministered. The tests, the cognitive domains that were
covered, and the variables that were derived from the tests
are described in Table I. In the Digit Span17 increasing
sequences of numbers have to be repeated in the same or
reversed order as they were presented auditorily. TheWord
Learning Test18 is based on the more familiar Rey Auditory
Verbal Learning Test19 and requires the subject to learn a
list of 15 monosyllabic words and subsequently retrieve
them from memory. The words refer to concrete objects
and are displayed on a computer screen to standardize
presentation. Alternative but parallel versions are used at
random between subjects and across sessions (with the
restriction, of course, that no one received a version twice).
In the Doors Test20 the subject is asked to memorize a
series of 12 colored photographs of doors. The subject then
has to recognize the memorized door among 3 other
distracting doors fitting the same general label (eg, “church
door”). There are 2 series; series B is more difficult than
series A because the doors in series B are still more alike. In
the Verbal Fluency Test18 the subject has to generate as
many words as possible within 1 minute, beginning with a
specified letter (“N” and “P”) or belonging to a specific
semantic category (“animals” and “occupations”). Thescores of the 2 letter and category trials, respectively, were
averaged. The Trail Making Test18 requires the subject to
connect consecutive numbers as fast as possible (part A)
and then alternate between numbers and letters (part B). In
the Motor Planning Test,21 which is a motor choice reac-
tion-time test, the subject holds a start button on a button
box until one of 3 other buttons is lit, then presses this
target button, and immediately returns to the start button.
The time between light onset and release of the start button
is the planning time, and the time between releasing the
start button and pressing the target button is the move-
ment time (average of both hands). In the Finger Tapping
Test18 the subject has to press and release a button on a
button box with the index finger as fast as possible during a
10-second period. Test trials of the latter 3 tests are pre-
ceded by practice trials. The Word Learning Test and
Motor Planning Test were administered and (partly) scored
with the software package MINDS.22
Characteristics of the groups were compared with uni-
variate analysis of variance (ANOVA; age and handedness),
the Kruskal-Wallis test (educational level), and the 2 test
(sex ratio and the presence of vascular risk factors). Inciden-
tal missing values on the Motor Planning Test and Finger
Tapping Test caused by technical problems in the second or
third test assessment were imputed by means of the expec-
tation-maximization estimation method. This method pre-
dicts a missing value by using all the information in the
available data.23 Post-hoc ANOVA on the data without
these corrections did not change the statistical outcomes.
To examine the pattern and degree of cognitive impairment
before surgery, patients were compared with healthy con-
trol subjects by using ANOVA and multiple post hoc
comparisons (among the 3 groups) with the Bonferroni
correction. The effect of the type of surgery on each cog-
nitive test variable was assessed with 2 (type of surgery:
CEA or REA) by 3 (time of assessment: I, II, or III)
ANOVA, with time of assessment as a repeated measures
factor. This design produces main effects for type of surgery
and time of assessment and an interaction effect for the
interaction between these 2 variables. The interaction effect
indicates whether one group improves (or declines) more
than the other across time. Because the design includes
more than 2 assessment times, in case of a significant overall
time effect (ie, across all 3 assessments), the contrasts
between specific times were analyzed post hoc. Further-
more, we corrected for significant group differences in
mood (change) scores by entering these as covariates in the
analyses. Two-sided P values of less than .05 were consid-
ered significant.
RESULTS
Three patients who underwent CEA were lost after the
first assessment because they considered the measurement
to be too difficult or fatiguing, and one patient did not
complete the final assessment because of severe disease
unrelated to atherosclerosis. Another patient was excluded
because of temporary hemiparesis immediately after the
operation. Of the 56 remaining patients who underwent
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ischemic attacks, and 2 had a minor stroke. Twenty-nine
patients underwent operations on the right carotid artery,
and 27 underwent operations on the left carotid artery.
Contralateral stenosis was less than 50% in 30 patients,
between 50% and 69% in 12 patients, and between 70% and
99% in 9 patients; a contralateral occlusion was found in 5
patients. For logistic reasons, the degree of carotid artery
stenosis in the patients undergoing REA was not assessed.
Characteristics of both patient groups and of the
healthy control group are summarized in Table II. There
were no differences in age, educational level, sex ratio, and
left versus right handedness. As expected, the patient
groups included many more subjects with heart disease and
vascular risk factors (eg, cigarette smoking, hypertension,
hypercholesterolemia, and diabetes mellitus) than the
healthy control group.
Mean cognitive performance on the first assessment of
both types of patients and of healthy control subjects are
shown in Table III. Significant overall group differences
were noticed in attention (Digit Span forward), verbal
memory (Word Learning Test delayed recall), visual mem-
ory (Doors A and B), planning of motor behavior (Motor
Planning Test planning time), psychomotor skills (Trail
Making Test A), and executive functioning (Trail Making
Test B, Verbal Fluency Test letters and categories; Table
III). Post hoc comparisons with the Bonferroni correction
showed that patients before CEA performed significantly
worse than healthy control subjects on all of these variables,
whereas patients before REA had an impaired performance
compared with that of healthy control subjects only on the
Table I. Cognitive test battery
Test Cognitive domain
Digit Span Attention and verbal working me
Word Learning Test Verbal memory: learning and ret
Doors Test Visual memory: recognition
Verbal Fluency Executive functioning
Trail Making Test Psychomotor speed and executiv
Motor Planning Test Planning and movement speed
Finger Tapping Test Motor capacity
Table II. Characteristics of patients undergoing CEA or R
CEA patients
Age, y mean (SD) 66.2 (7.2)
Male sex, % 84
Middle or higher education, % 50
Right handedness, % 86
Heart disease, % 52
Hypertension, % 65
Hypercholesterolemia, % 52
Cigarette smoking, % 32
Diabetes mellitus, % 14
CEA, Carotid endarterectomy; REA, remote endarterectomy.Doors Test B, Motor Planning Test planning time, andVerbal Fluency categories. Differences between the 2 pa-
tient groups before surgery, however, never reached signif-
icance. The significant post hoc comparisons are shown in
the final column of Table III.
Cognitive performance of patients before and at 3
months and 1 year after CEA or REA are displayed in Table
IV. Significant improvements up to 1 year were demon-
strated for the retrieval of verbal material (Word Learning
Test delayed recall), one test of executive functioning (Trail
Making Test B), planning speed of movement (Motor
Planning Test), and finger tapping with the dominant
hand. These improvements are visualized in the Figure; the
time contrasts are given in the final column of Table IV.
However, no significant effects of the type of surgery or the
interaction between type of surgery and time of assessment
were observed for any of the cognitive tests (P values
ranged from .13 to .93 and from .30 to .93, respectively).
This means that the cognitive performances of the 2 patient
groups did not differ from each other across time and that
the CEA group did not improve more than the REA group
on the tests. The expected specific effect (ie, after correcting
the practice effects for nonspecific surgical effects) of CEA
on cognitive functioning thus could not be demonstrated.
With respect to the 5 mood factors, patients before
CEA reported less vigor than healthy control subjects (P
.001), and patients before REA noticed less vigor (P 
.001) and more fatigue (P  .01) compared with healthy
control subjects. Correction for these differences in the
statistical analyses only slightly weakened the preoperative
differences in cognitive functioning. Patients after both
CEA and REA reported a significant decrease in tension (P
Test variable
No. in same order; No. in reversed order
Total score trial 1-3; delayed recall score
Total score series A; total score series B
No. of letter words; No. of category words
ctioning Time part A, s; time part B, s
Planning time, ms; movement time, ms
No. dominant hand; no. nondominant hand
and healthy control subjects
A patients Healthy control subjects P value
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that was observed on the Motor Planning Test, so that the
effect on this variable was no longer significant (P  .46).
DISCUSSION
The prophylactic effect of CEA against stroke has been
established indisputably in large randomized trials.1-3 Dis-
agreement still exists, however, with respect to the possible
restorative role of the operation on cognitive function-
ing.4,5 The aim of the present study was to investigate this
role by taking into account several potentially confounding
factors.
Cognitive restoration presumes the existence of preop-
erative cognitive impairment, but previous studies often
Table III. Cognitive performance (mean and SD) of heal
Test variable Healthy control subjects C
DS forward 6.0 (1.2)
DS backward 4.2 (1.5)
WL total 22.2 (6.1) 2
WL delayed 7.5 (3.1)
DT A 10.6 (1.4)
DT B 7.1 (2.3)
VF letters 14.0 (4.9) 1
VF categories 20.2 (4.0) 1
TM A 35.1 (9.4) 4
TM B 81.3 (24.5) 9
MP planning 402 (60) 4
MP movement 168 (41) 1
FT dominant hand 51.7 (8.9) 5
FT nondominant hand 47.7 (8.9) 4
P values indicate the significance of group differences. The post hoc test refl
CEA, Carotid endarterectomy; REA, remote endarterectomy; DS, Digit S
Making Test; MP, Motor Planning Test; FT, Finger Tapping Test; C, patie
Table IV. Cognitive performance (mean and SD) of patie
Test variable
CEA patients
Before 3 mo 12 mo
DS forward 5.4 (0.9) 5.6 (1.1) 5.6 (0.9
DS backward 4.1 (1.1) 4.0 (1.1) 3.9 (1.0
WL total score 20.3 (5.5) 21.0 (5.6) 22.0 (5.9
WL delayed score 6.0 (2.6) 6.6 (2.6) 7.1 (2.6
DT A 9.6 (4.1) 9.7 (1.5) 9.9 (1.4
DT B 5.1 (2.0) 5.5 (2.2) 5.8 (2.2
VF letters 11.7 (4.1) 11.8 (4.5) 11.9 (4.3
VF categories 16.8 (4.2) 17.4 (4.4) 17.4 (4.3
TM A 43.9 (15.4) 42.5 (13.7) 42.8 (14.
TM B 98.9 (33.2) 94.7 (36.7) 94.6 (34.
MP planning 468 (67) 477 (69) 454 (71)
MP movement 167 (45) 172 (44) 177 (51)
FT dominant hand 54.5 (9.2) 56.2 (7.2) 57.2 (8.7
FT nondominant hand 49.9 (9.8) 51.8 (8.4) 52.1 (10.
P values indicate the significance of time differences (across both patient g
significant (P  .05).
CEA, Carotid endarterectomy; REA, remote endarterectomy; DS, Digit S
Making Test; MP, Motor Planning Test; FT, Finger Tapping Test; I, preop
12 months postoperatively.failed to verify this. In comparison with a healthy controlgroup, we indeed observed reduced performance before
CEA in terms of attention, verbal and visual memory,
planning of motor behavior, psychomotor skills, and exec-
utive functions. Patients with peripheral vascular disease
performed very similarly. Although the CEA group differed
significantly from the healthy control group on a larger
number of tests than the REA group, inspection of the
means showed that this is due to the difference in power of
these comparisons (smaller sample size in the REA group).
The contrast between both patient groups and the healthy
control subjects persisted after correction for differences in
vigor and fatigue. Simple motor skills were intact in all
patients, however, indicating that the impairments on the
other cognitive tasks cannot be explained by a reduced
ontrol subjects and patients before CEA or REA
tients REA patients P value Post-hoc test
.9) 5.5 (1.1) .03 C  H
.1) 4.4 (1.0) .79
.5) 20.9 (4.9) .23
.6) 6.2 (2.5) .02 C  H
.4) 9.7 (2.0) .004 C  H
.0) 5.3 (1.8) .001 C, R  H
.1) 12.2 (3.9) .02 C, R  H
.2) 16.9 (4.1) .001 C  H
5.4) 42.2 (13.9) .004 C  H
3.2) 96.4 (37.5) .02 C  H
7) 487 (70) .001 C, R  H
5) 172 (38) .90
.2) 52.8 (11.6) .32
.8) 48.6 (10.2) .49
hich of the 3 groups differ significantly from each other (P  .05).
L, Word Learning Test; DT, Doors Test; VF, Verbal Fluency; TM, Trail
fore CEA; R, patients before REA; H, healthy control subjects.





contrastBefore 3 mo 12 mo
5.5 (1.1) 5.8 (1.0) 5.7 (1.2) .12
4.4 (1.0) 4.2 (0.9) 4.5 (1.2) .44
20.9 (4.9) 21.8 (6.0) 22.3 (5.5) .06
6.2 (2.5) 6.3 (2.7) 7.3 (3.0) .001 I, II  III
9.7 (2.0) 10.0 (1.5) 10.2 (1.2) .15
5.3 (1.8) 5.6 (2.0) 6.2 (1.8) .06
12.2 (3.9) 13.0 (4.0) 13.5 (5.2) .09
16.9 (4.1) 16.7 (4.2) 17.7 (4.4) .12
42.2 (13.9) 39.2 (11.3) 36.6 (10.9) .11
96.4 (37.5) 84.4 (27.7) 83.8 (30.6) .008 I  II, III
487 (70) 483 (77) 458 (66) .02 I, II  III
172 (38) 181 (51) 180 (43) .07
52.8 (11.6) 53.5 (12.7) 54.2 (10.7) .04 I  III
48.6 (10.2) 49.3 (10.8) 49.4 (9.7) .07
). The post hoc contrasts reflect when exactly the time differences became
L, Word Learning Test; DT, Doors Test; VF, Verbal Fluency; TM, Trail






























pan; Wmotor speed of the patients. The findings are largely in
significant.
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visual memory, executive functioning, and psychomotor
skills before CEA were detected.24,25
The establishment of preoperative impairment left
open the potential of improving cognitive functions after
CEA. We examined this possibility by including the pa-
tients with severe atherosclerotic disease undergoing pe-
ripheral vascular surgery (REA) as a control group. These
subjects were highly similar with respect to demographic
and medical characteristics, and therefore it may be as-
sumed that the possible practice effects are the same for
both types of patients. This may not be the case for healthy
persons or patients with unrelated disease, such as hospital-
ized patients with spinal or orthopedic problems, who
served as control subjects in other studies. Moreover, be-
cause CEA and REA with the ring-strip cutter device are
highly comparable in vascular procedures, except for its
locus, we were also able to control for the possible negative
influence of surgery and anesthesia on cognitive outcome
and positive effect from psychologic relief after uncompli-
cated surgery, in contrast to studies that included patients
with carotid artery disease not undergoing endarterectomy
as control subjects. In this accurate methodological design,
in which important positive, as well as negative, confound-
ing influences were controlled for, a specific effect of CEA
on cognitive functions was not observed.
As mentioned, the preoperative performance of pa-
tients with carotid artery disease was impaired but to the
same extent as that of patients with peripheral vascular
disease, which was found by other studies as well.11,26,27
One reason for this can be the relatively high prevalence of
carotid artery stenosis in patients with peripheral vascular
disease.28-31 Nevertheless, because removal of the stenosis
during CEA did not result in a specific improvement of
functioning, the reduced performance in both patient
groups probably reflects the common underlying (chronic)
disease of generalized atherosclerosis.27 This might be as-
sociated more precisely with structural brain abnormalities
arising from chronic hypoperfusion caused by accumulat-
ing atherosclerotic plaque in other intracerebral arteries or
from occlusion of blood vessels by series of microemboli.
Because we did not assess signs of brain damage with
imaging techniques, it remains unclear to what extent the
cognitive decline in our study can be attributed to small
infarcts or, for example, atrophy or white matter lesions,
such as leukoaraiosis.32-35
No specific cognitive effect of CEA was found, but
improvement on a number of tests was indeed observed in
both patient groups (Fig). Controlling for the postopera-
tive decrease in tension reduced one of these time effects,
indicating the relative importance of taking mood factors
into account.4,5 Because we cannot think of any physio-
logic argument why patients after REA would improve in
cognitive function, we attribute the overall improvements
to relief from surgery and to practice.
Cognitive decline after CEA has been observed in the
literature, particularly if testing was done within several days
after the operation.4 The original design of our study includedPerformances of healthy controls and patients before (baseline)
and at 3 and 12 months after carotid endarterectomy (CEA) or
remote endarterectomy (REA) on the (a) Word Learning Test
delayed recall, (b) Trail Making Text part B, (c) Motor Planning
Test planning, and (d) Finger Tapping Test dominant hand. Only
the time effect (across the two groups) on each of these tests was
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often the third day after surgery. Our patients found this early
postoperative measurement to be very uncomfortable and
fatiguing. Because we believed that the cognitive achieve-
ments were likely to be influenced by this discomfort and we
were afraid of losing patients for this reason in the follow-up
assessments, we abandoned this measurement and focused on
themore stable and clinicallymore relevantmeasurements at 3
and 12 months after the operation.36
Although a restorative effect from CEA on cognitive
functioning was not found, its protective value against cogni-
tive decline can only be reliably examined in large trials in
which patients with severe atherosclerotic disease of the ca-
rotid artery are randomly assigned to optimal medical care
alone or to optimal medical care plus CEA.6 However, be-
cause the efficacy of the operation in reducing the risk of
stroke in patients with high-grade stenosis had been clearly
established already in 1991,1,37 such a design would ethically
be controversial nowadays, even for asymptomatic patients. 3
In conclusion, the present study showed no specific re-
storative effect of CEA on cognitive functioning. The preop-
erative impairment in several cognitive domains may be
caused by factors that patients with different types of vascular
disease might have in common, such as small-vessel disease or
other undetected abnormalities within the brain.
We thank the staff of the Department of Vascular
Surgery from the St Antonius Hospital for help in the
arrangement of meetings with patients, and Nicole Drees-
sen, Christi-Anne van Hattum, Cindy de Graag, Lindsey
Ossewaarde, Greet Huisman, Roeland van der Zouwen,
and Ingrid Verkerk for their help in data collection.
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Bossema et al have presented a study of cognitive function in
patients undergoing carotid endarterectomy. The neuropsycho-
logic tests may not be familiar to vascular surgeons, although this
topic has been addressed in several recent articles.1-7 Comparison
with a group without known vascular disease and a group under-
going surgery for lower extremity arteriosclerosis is novel.
Experimental groups were comparable for other than the
usual predictors of atherosclerosis. Control subjects did not un-
dergo repeat testing, which would have allowed better assessment
of the training effect addressed in the surgical groups. However,
the study provides some fascinating insights into possible cognitive
dysfunction in subjects with both carotid and lower-extremity
atherosclerosis.
Subjects with overt stroke were excluded, implying no evi-
dence of cerebral dysfunction on conventional neurologic exami-
nation. Nevertheless, when compared using neuropsychologic
tests, subjects with carotid or lower-extremity atherosclerosis
scored less well than healthy controls, suggesting the presence of
some systemic vascular disease. This also speaks to the crudeness of
the standard neurologic examination as a test for higher cerebral
functions.
The investigators showed no cognitive improvement with
carotid endarterectomy. Pearson et al7 made similar observations
in this journal. This may at first seem disappointing, but is consis-
tent with the concept that carotid endarterectomy is prophylactic.
This conflicts with the results of some previous studies,1,5,6 but
there may be methodologic problems with some of those studies.3
We wonder what might have been observed had cognitive
testing been performed in trials such as NASCET, ECST, and
ACAS.8-10 Would the status of nonsurgical subjects have deterio-
rated as assessed by cognitive testing? Would the number of
nonsurgical subjects whose status deteriorated have exceeded the
number identified on conventional examination as having had a
stroke? Future trials in carotid intervention, including carotid
angioplasty, should build on the observations of Bossema et al and, Evanston, Ill
in all treatment arms, including control groups without known
vascular disease.
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